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Introduction

32
Airborne dust is a key player in the atmospheric science studies since it is considered to impact along the year of PM or aerosol optical depth (AOD) in certain areas of the IP (e.g., Mateos et al., 2015) .
58
The DD aerosols also present influence on the radiative budget with an aerosol forcing efficiency about
59
-70 Wm -2 at the surface in south-eastern IP (Valenzuela et al., 2014) . Acute effects on human health also The aerosol characterization developed in this article is based on a DD inventory previously reported fingerprint is recognized in one or both of these core variables, a thorough manual inspection of the data 100 is carried out together with the analysis of air mass backward trajectories, meteorological maps, satellite 101 images, and model forecasts, in order to corroborate the right classification of each DD outbreak.
102
As a natural continuation of the inventory analysis, the aim of this study is to carry out the 103 characterization of the main optical and microphysical properties during mineral dust events, for a better 
Sites and databases
126
The monitoring sites for the columnar and surface properties are placed in "Castilla y León" region,
127
covering the north-central part of the Iberian Peninsula in an elevated plateau (~800 m a.s.l., called to the "expected" DD aerosol properties. These "non-typical" values have been thoroughly investigated 182 in order to accurately accomplish the DD characterization.
183
The AE threshold to separate DD event days into two sub-groups is set to 1. The PM 2.5 /PM 10 is useful to complete the analysis since this is the only variable not (directly) used in 
290
Finally, 223 days (69%) are low-moderate DD outbreaks and exhibit an AOD below 0.3.
291
The relationships among AOD, AE and surface concentrations under DD intrusions display different 
Relationships of columnar and surface quantities: PM 10 -AOD and PM ratio-AE
327
One important task carried out in aerosol studies in the last years has been the development of a shown by AOD (see linear fits in Figure S1 ). This fact can also be proved with the range of surface Overall, DD intensity is governed by D type but certain differences are noticeable. The maximum in The value of AE parameter, linked to particle size predominance (see Figure 5c) Finally, the PM 2.5 /PM 10 ratio (see Figure 5d ) presents a strong minimum (larger concentration of it was also reported by previous studies in other Mediterranean sites (e.g. Gkikas et al., 2013) . In this 429 mode, the center of the peak is also shifted to smaller radii (0.11μm).
430
Concerning the D type, the mean VPSD peaks at 1.7 μm (0.08 μm 3 /μm 2 ). It is noticeable that for both inversion products (VC T , VC F and Sphericity, see Table 1 ) have also caused a notable reduction in the 487 number of availabe data, 182 in Figure 7a and 165 in Figure 7b , from the total of 304 with simultaneous
488
AOD and PM 10 data. Hence, this fact difficults the usage of these quantities in the DD detection process. with AE values below 1 are very predominantly DD aerosol because of the very low sphericity fraction,
522
whereas above AE=1 we can find a mixture of particle shapes with a high variability in the sphericity 523 fractions. On the other hand, as can be seen in Figure 7d , PM ratio and sphericity do not follow any 524 correspondence, thus demonstrating the less ability of PM ratio for DD detection.
525
In terms of the VC F /VC T ranges established above, the mean sphericity fraction is about 0.01 for 
535
All the results presented in this subsection, with a wide range of AE, VC F /VC T , PM ratio, and 536 spherictiy fraction, point out a mixture of aerosols, but the purer DD intrusions are reliably detected too.
22
The large number of mixture cases is due to the low-moderate DD events registered. Besides, these 538 results again highlight that the detection of strong DD events could be affordable using AE, VC F /VC T or 539 sphericity, but bearing in mind that the amount of available columnar inversion data is much less than 540 AOD and AE observations. Hence, the most suitable quantity to carry out this task is the Ångström 541 exponent, which can present DD fingerprints even in low and moderate episodes. 
573
Solid lines are the fits of each analysis, being the black one the fit for the total DD database. The analysis of dusty days allows establishing a consistent relationship between the total effective Table 3 . 
618
To correctly interpret the slope of PM 10 vs VC T fit (Figure 9b and Table 3 ), it must be born in mind Besides, the slope of the fit between PM 10 and VC T gives the ratio between two particle concentrations,
624
one expressed by mass and the other one by volume, thus this slope is the ratio between aerosol particle 625 density ρ (in g cm -3 ,in this case of desert dust particles) and the scale height H. In this sense, the slope
between the surface and columnar concentration can provide an estimate of the scale height or the 627 particle density, depending on the known quantities. 
628
744
The size (AE, PM ratio and total effective radius) and concentration (AOD, PM x , and volume particle fair correlations (R < 0.6) between PM 10 /PM 2.5 and columnar volume concentrations can be found.
752
Analyzing the results of this study, some parameters seem to be more suitable than others to detect 753 and classify desert dust aerosols, like AE and sphericity fraction. 
